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Minimal Clinically Important Change of the Neck
Disability Index and the Numerical Rating Scale
for Patients With Neck Pain
Jan J. M. Pool, PhD, PT, MT,* Raymond W. J. G. Ostelo, PhD,*† Jan L. Hoving, PhD,*‡
Lex M. Bouter, PhD,* and Henrica C. W. de Vet, PhD*
Study Design. Prospective, single-cohort study.
Objective. To assess the minimal clinically important
change (MCIC) on the Neck Disability Index (NDI) and the
Numerical Rating Scale (NRS) for pain in patients with
neck pain.
Summary of Background Data. Both measurement in-
struments are frequently used in research and clinical
practice, but which changes are clinically relevant is still
unknown.
Methods. The MCIC was estimated with 2 different
methods, both integrating an anchor-based and distribu-
tion-based approach: the minimal detectable change
(MDC) and the optimal cutoff point of the ROC curve. The
study population consisted of 183 patients with nonspe-
cific neck pain.
Results. The results show an MDC of 10.5 points for
the NDI (scale range, 0–50) and 4.3 points for the NRS
(scale range, 0–10), and optimal cutoff points of the ROC
curve of 3.5 for the NDI and 2.5 for the NRS.
Conclusion. The estimated MCIC should be used as an
indication for relevant changes in clinical practice. Using
the optimal cutoff point of the ROC curve, false positives
and false negatives are equally weighted; and if there are
no objections doing so, the optimal cutoff point of the
ROC curve may be a good choice.
Key words: minimal clinically important change, neck
pain, disability, pain. Spine 2007;32:3047–3051
Neck pain is a common musculoskeletal disorder, and its
point prevalence in the general population of the Neth-
erlands varies between 9% and 22%.1,2 Approximately
one third of all adults will experience neck pain during
the course of 1 year.3 Although neck pain is often self-
limiting within a few weeks, 40% of the patients contact
their general practitioner. Of these, 30% are referred for
further diagnosis to a medical specialist and 32% to
physiotherapy, manual therapy, or some other type of
conservative therapy.1,2 To evaluate the effect of treat-
ment for neck disorders, it is necessary to assess rele-
vant outcome measures, such as pain and functional
disability.
The Neck Pain Disability Index (NDI) is a question-
naire that is commonly used in clinical trials to measure
the functional status of patients with neck pain.4,5 The
NDI was originally developed for assessing the func-
tional status of patients with disabling neck pain, partic-
ularly whiplash-associated disorders.6 The psychometric
properties of the NDI, in terms of validity and reproduc-
ibility, is still a topic of research,7–10 which also counts
for how to interpret change scores.11
Vernon and Mior10 assessed face validity through
peer-review and patient feedback sessions and concur-
rent validity of the NDI on the Visual Analogue Scale
(n  10 and a correlation of 0.60) and the McGill Pain
Questionnaire (n  30 and a correlation of 0.69). Fur-
thermore, a test-retest reliability was calculated and
found a correlation of 0.89. Hoving et al8 assessed the
construct and content validity of the NDI using 71 pa-
tients with whiplash-associated disorders, comparing the
NDI with a patient preference questionnaire, the corre-
lation was 0.57 with the remark that the patient prefer-
ence questionnaire identified more disabilities.
In the review of Pietrobon et al,9 the NDI was found
to be 1-dimensional, the validity was established by con-
current criterion validity and showed a correlation coef-
ficient of 0.6 with the VAS and 0.7 with the McGill Pain
Questionnaire and was reported to be the scale, which
was most widely validated among different patient pop-
ulations, the responsiveness was not reported. The Nu-
merical Rating Scale (NRS) is frequently used to measure
pain intensity.7 Patients are asked to rate their pain on a
0 to10 point rating scale. Bolton and Wilkinson7 com-
pared the responsiveness of 3 pain scales, Visual Ana-
logue Scale, the Verbal Rating Scale, and the NRS on
patients, n  79, and using effects sizes. The NRS
showed to be the most responsive (effect size 0.86).
For the interpretation of treatment effects, it is not
only important to know whether results are statistically
significant, but also whether they are relevant for pa-
tients or clinicians. Consequently, insight into the clini-
cally important difference or change is needed. A well-
accepted definition of minimal clinically important
difference has been proposed by Jaeschke et al12 as “the
smallest difference in score in the domain of interest
which patients perceive as beneficial and which would
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mandate, in the absence of troublesome side-effects and
excessive cost, a change in patient’s management.” We
prefer to use the term minimal clinically important
change (MCIC) for the change in health status within
patients and the term minimal clinically important dif-
ference to indicate differences between patients. The aim
of this study is to assess the MCIC of both the NDI and
the NRS for pain in patients with neck pain. A number of
different methods have been proposed to determine the
MCIC.13 Crosby et al distinguish an anchor-based and a
distribution based method.14 Anchor-based approaches
use an external criterion to operationalize clinically im-
portant change, and distribution-based approaches are
based on statistical characteristics of the sample, for ex-
ample effect sizes, relating observed change to the sample
variation.14 For neck pain, effect sizes and standard re-
sponse mean have been used.15,16 The estimate of the
effect size and of the standard response mean are param-
eters without any dimension which makes it difficult to
interpret them for clinicians. Therefore, we used 2 meth-
ods, both integrating an anchor-based and a distribu-
tion-based approach: the minimal detectable change
(MDC) and the optimal cutoff point of the receiver op-
erator characteristic curve (ROC),17 because these are
expressed in scale points which improves the interpret-
ability of change scores. For both methods the global
perceived effect (GPE) is used as an external criterion for
change.4
Methods
Study Population. The study population consisted of partic-
ipants included in a randomized controlled trial to evaluate the
effectiveness of 3 conservative treatment options for neck
pain.4 General practitioners (n  42) referred patients with
neck pain to 1 of the 4 research centers for study selection. The
eligibility criteria were: age between 18 and 70 years, pain
and/or stiffness in the neck for at least 2 weeks, neck symptoms
reproducible during physical examination, willingness to ad-
here to treatment and measurement regimens, and no physical
therapy or manual therapy for neck pain during the previous 6
months. The participants were randomly allocated to either
physiotherapy, manual therapy, or continued care provided by
a general practitioner. Data were collected at the research cen-
ters at baseline, after 7 weeks and after 52 weeks of follow-up,
for the present analysis only measurements at baseline and after
7 weeks of follow-up were used. Approval was obtained from
the medical ethics committee of the VU University Medical
Center, Amsterdam.
Measurement Instruments. The NDI consists of 10 items
addressing functional activities, such as personal care, lifting,
reading, work, driving or cycling, sleeping and recreational
activities, and a number of symptoms such as pain intensity,
concentration, and headache.10 For each item, answering op-
tions range from 0  no disability to 5  total disability, re-
sulting in a total range of scores from 0 to 50 points.
The NRS is an 11-point rating scale for pain in which 0  no
pain and 10  worst pain imaginable. Patients were asked to
rate their average pain in the previous week.
To assess the GPE, the patients rated this on a 6-point Likert
scale ranging from 1  completely recovered to 6  much
worse.4 We trichotomized this scale: patients who indicated
that they were “much worse” were labeled as “importantly
deteriorated”; patients who indicated that they were “slightly
improved,” “no change,” or “ slightly worse,” were labeled as
“not importantly changed”; and were consequently considered
not to have experienced an important or clinically relevant
improvement or deterioration; patients who indicated that they
were “completely recovered” or “much improved” were la-
beled as “importantly improved.” The distributions of these
subgroups (labels) were used to estimate the MCIC, thereby
integrating anchor based and distribution based methods.
Data Analysis. We defined the MDC as the smallest difference
in a score that can be detected, considering the variation in
changes on the NDI and the NRS observed in persons who
were not importantly changed on the external criterion.17,18
To determine the MDC, first the standard error of measure-
ment (SEM) was assessed. The SEM indicates the precision of
outcome measure and was estimated by taking the square root
of the within-subject variance of patients categorized as “not
importantly changed” on the GPE. To be 95% confident that
observed change is real change and not caused by measure-
ments error, the MDC was calculated as 1.96 * 2 * SEM.
Observed change is a result of 2 measurements, baseline and
follow-up and therefore occur twice, hence 2. Changes
greater than the MDC are consequently considered to indicate
real change17–19 because only “not importantly improved” pa-
tients were assessed.
The optimal cutoff point of the ROC curve considers the
NDI and the NRS as a diagnostic test for discriminating be-
tween “importantly improved” and “not importantly im-
proved” patients. The external anchor (GPE) functions as the
gold standard and distinguishes those patients who showed a
clinically important change from those who did not. The diag-
nostic accuracy of a measurement instrument can thus be ex-
pressed in terms of sensitivity and specificity for clinically im-
portant change, and can be depicted in a ROC curve. The ROC
is a graph of the percentage of true-positive values (sensitivity)
versus the percentage of false-positive values (1  specificity)
for each possible cutoff change score of the NDI and the NRS.
The optimal cutoff point was chosen in such a way that the
overall misclassification, i.e., the sum of the percentages of
false-positive and false-negative outcomes, was minimized.
False-positive outcomes are persons who are “not importantly
changed” according to the GPE but show a change that is
greater than the cutoff value on the measurement instrument.
False negatives are persons who are “importantly improved”
on the GPE but show less change than the cutoff value on the




During a period of 22 months, a total of 183 patients
with nonspecific neck pain were included, of whom com-
pleted the 7-week follow-up. The mean age of the pa-
tients was 45.8 years and 60.8% was female. Table 1
shows the characteristics of the participants at baseline.
Table 2 shows the mean scores and standard devia-
tions at baseline and after 7 weeks of follow-up for sub-
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jects in each of the 6 categories of the GPE and for the
combined categories, as used in the analysis. After 7
weeks, 94 patients were labeled as “importantly im-
proved,” i.e., completely recovered or were much im-
proved. Only 2 patients were deteriorated, so due to the
small numbers, they were excluded from the analysis; 87
patients were labeled as “not importantly changed,” i.e.,
unchanged, slightly improved, or slightly worse.
Table 3 presents the MDC and the optimal cutoff
point for the stable subjects. The MDC for the NDI is
10.5, and the optimal cutoff point of the ROC curve is
3.5. The MDC for the NRS is 4.3, and the optimal cutoff
point of the ROC curve is 2.5. The optimal cutoff point
of the ROC curve for the NDI corresponds to a sensitiv-
ity of 0.9 and a specificity of 0.7. For the NRS for pain
the sensitivity and specificity both were 0.8.
Discussion
In research and also in clinical practice, the NDI and the
NRS are often used as questionnaires to evaluate the
effects of interventions on functional status and pain per-
ception in patients with neck pain. Hence, it is important
to know what the smallest change in score is on both
questionnaires, which patients and clinicians label as
clinically important. This study demonstrates quite a dif-
ference between the 2 methods used to estimate the
MCIC for the NDI as well as the NRS. Using the optimal
cutoff point of the ROC curve as a method, both im-
proved and unchanged patients are included. The opti-
mal cutoff point of the ROC curve is chosen in such a
way that the percentages of false-positive and false-
negative outcomes are minimized. So, if one wants to
weight false-positive and false-negative misclassifica-
tions equally, the optimal cutoff point of the ROC curve
is preferred. If one hesitates to classify patients as “im-
proved,” of whom the change scores fall within the mea-
surement error of the unchanged patients, one may pre-
fer the more conservative MDC method. The choice
between the 2 methods may depend on the type of inter-
vention or the clinical consequences of being “false pos-
itive” or being “false negative.”
The MDC for the NDI is 10.5 points on a scale of 50
points. This MDC can be considered as quite large, since
this magnitude is greater than the change score of pa-
tients who consider themselves as “much improved”
(mean NDI score  8.82). So in other words, the MDC
considers nearly all patients as being within the measure-
ment error of the questionnaire. As a consequence, if
applying this MDC as a cutoff point in clinical practice
and the change score is more than the MDC, one knows
Table 1. Characteristics of Patients (N  183)
Characteristic Value
Age (yr) (mean  SD) 45.8  11.6
Female (%) 60.8
Previous episodes of neck complaints (%) 64.8




Pain score (mean  SD)* 6.0  1.9
NDI score (mean  SD)† 14.5  7.0
Work status employed (%) 73.8
*Numeric Rating Scale ranging from 0 (no pain) to 10 (worst pain).
†Neck Disability Index: 10 items ranging from 0 to 5 points; maximal
disability  50 points.
Table 2. Mean Scores and Standard Deviations of the Neck Disability Index (NDI) and the Numeric Rating Scale for
Pain (NRS) at Baseline (T0) and After 7 Weeks (T7) for Categories of Global Perceived Effect (GPE)
Categories of GPE
NDI (n  183) NRS (n  182)
T0 T7 Mean Change T0 T7 Mean Change
Completely recovered (n  19) 10.74 (5.32) 0.68 (1.64) 10.05 (5.58 5.37 (1.89) 0.16 (0.37) 5.21 (2.10)
Much improved (n  75) 14.67 (7.57) 6.16 (4.69) 8.51 (6.40) 5.92 (1.77) 2.11 (1.48) 3.81 (1.94)
Slightly improved (n  48)
(NRS, n  47)
15.71 (6.96) 12.00 (7.20) 3.71 (4.48) 6.21 (2.13) 4.57 (1.86) 1.64 (2.08)
No change (n  29) 14.52 (6.60) 14.24 (6.65) 0.26 (3.79) 5.97 (1.96) 5.59 (1.96) 0.38 (1.52)
Slightly worse (n  10) 13.50 (5.34) 14.10 (7.98) 0.60 (7.50) 6.10 (1.37) 5.70 (2.00) 0.40 (1.71)
Much worse (n  2) 19.00 (5.57) 26.50 (13.44) 7.50 (7.78) 7.00 (0.00) 8.00 (1.41) 1.00 (1.41)
Total 14.49 (7.00) 9.06 (7.46) 5.97 (1.88) 3.36 (2.46)
Importantly changed* (n  94) 13.87 (7.32) 5.05 (4.78) 8.82 (6.25) 5.81 (1.80) 1.71 (1.54) 4.10 (2.04)
Not importantly changed† (n  87)
(NRS, n  86)
15.06 (6.65) 12.99 (7.11) 2.07 (4.99) 6.12 (1.98) 5.05 (1.96) 1.07 (1.95)
*Categories “completely recovered” and “much improved” were considered to indicate importantly changed.
†Categories “slightly improved,” “unchanged,” and “slightly worse” were considered to indicate “not importantly changed.”
Table 3. Minimal Detectable Change and Several
Possible Cutoff Scores of the ROC Curve for the NDI
and the NRS
Questionnaire Range MDC ROC Cutoff* Sensitivity Specificity


















*Optimal cutoff point of the ROC curve for clinically important change with a
sensitivity and a specificity of the Neck Disability Index and Numeric Rating
Scale for pain.
MDC indicates the minimal detectable change.
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almost for sure (with a uncertainty of 5%) that a patient
really is changed. A possible explanation for this large
MDC for the NDI can be that “slightly improved” pa-
tients are included in the “unchanged” group and not in
the “improved” group. However, the inclusion of this
group into the “unchanged” group is sensible and has
been demonstrated before.17 Another remark has to be
made. Based on these analyses, it is unclear whether for
deterioration a similar value applies. Despite the small
number (n  2), we could not make a estimation of the
“minimal important deterioration.” However, based on
the Farrar et al study,20 there is some evidence that pa-
tients interpret deterioration quite differently to im-
provement.
However, the disadvantage of the MDC method is
that the false-negative rate is not taken into account; in
other words, if there is no reason for weighting false
negative different from false positive, we recommend the
use of the optimal cutoff point of the ROC curve.
When we used the method of the optimal cutoff point
of the ROC curve the MCIC of the NDI appeared to be
smaller: 3.5 points. This score makes more clinical sense
because this change is quit similar to the change in score
for those patients who consider themselves as “slightly
improved.” Since both “improved” and “unchanged”
patients are included in the analysis of the cutoff point of
the ROC curve, this method anticipates to a more clinical
perspective on the change of the questionnaire. How-
ever, their still is a possibility of false-positive outcomes.
The MDC for the NRS for pain is also quite large: 4.3
points. Again, this magnitude equals the mean change
score of the patients who consider themselves as much
improved. The optimal cutoff point of the ROC curve is
2.5 points. This MCIC for pain is in line with the findings
of other studies17,20 in which the ROC curve was used to
define clinically important change and in which an aver-
age reduction of 2 points was found to be clinically im-
portant.
In summary, we consider the optimal cutoff point of
the ROC curve as the most optimal method, since false
positive and false negative can be weighted equally.
Although the GPE is often applied as an external an-
chor, the use of this scale has been criticized by Norman
et al.21 They question the validity of a single-item design
compared with a multi-item scale. Another disadvantage
of the GPE is that it may be difficult for patients to recall
their initial health status and to compare it with their
current status in order to assess any changes, and this
may introduce bias. Fritz and Irrgang found that a global
rating of change could be used to differentiate unchanged
patients from improved patients in the dimension of
physical impairment.22 In line with previous stud-
ies,17,18,20,23 we used a GPE scale to cover the whole
range from severely deteriorated, slightly deteriorated,
no change, slightly improved, much improved, and com-
pletely recovered. To calculate the MCIC, the cutoff
point for clinically important change was set at “much
improved.” Therefore, the category “slightly improved”
was labeled as “not importantly changed.” We had sev-
eral reasons for this. First, in our opinion, this more
accurately reflects the concept of clinically important
change. Setting the cutoff point for improvement at
slightly improved may reflect more accurately the small-
est detectable change, and not the minimal clinically im-
portant change. Second, we think that patients are likely
to give “slightly improved” as a socially desirable an-
swer, even if they did not perceive a relevant improve-
ment. Finally, in previous studies,17,18,20 it was found
that the difference between the categories “no change”
and “slightly improved” was small whereas the differ-
ence between “slightly improved” and “much im-
proved” was greater. These results were confirmed in the
present study.
Conclusion
The estimated MCIC should be used as an indication for
relevant changes in clinical practice. Using the optimal
cutoff point of the ROC curve, false positives and false
negatives are equally weighted; and if there are no objec-
tions doing so, the optimal cutoff point of the ROC curve
may be a good choice. However, if there are objections
against classifying as improved those patients whose re-
sults fall within the measurement error of the “un-
changed” patients, the more conservative MDC method
would be more appropriate.
Key Points
● The NDI and the NRS for pain are frequently
used measurement scales assessing neck pain pa-
tients.
● MCIC can be used to estimated clinically impor-
tant change, using 2 different methods. Using the
optimal cutoff point of the ROC curve, a change of
score of 3.5 points on the NDI and of 2.5 points on
the NRS best distinguished those patients who are
clinically improved from those who are not.
● If there are any objections against classifying as
improved those patients whose results fall within
the measurement error of the “unchanged” pa-
tients, the more conservative MDC method would
be more appropriate.
● Using the optimal cutoff point of the ROC curve,
false positives and false negatives are equally
weighted; and if there are no objections doing so,
the optimal cutoff point of the ROC curve may be a
good choice.
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